The objective of this study was to determine whether insertion-deletion (indel) 23 bp polymorphism of the bovine prion protein (PRNP) gene differentiates the total number of leukocytes and lymphocytes and the number of virus-infected lymphocytes. The experimental materials comprised 119 Black-and-White Polish Holstein-Friesian cows. Bovine leukosis was diagnosed by an indirect immunofluorescence based on the detection of viral protein p24 in bovine lymphocytes infected with leukaemia virus (BLV). Indel23 polymorphism was determined by PCR. Blood haematological parameters (total leukocyte counts, total lymphocyte counts, and their percentages) were determined at a specialist haematological laboratory. The examined indices were analysed in three replications, at one-month intervals. It was found that indel23 polymorphism significantly differentiated blood leukocyte counts and the total number and percentage of lymphocytes. Cows with the 23 bp del/del genotype showed significantly higher leukocyte and lymphocyte counts than animals with the remaining two genotypes. Higher values of the analysed haematological parameters noted in homozygotes with 23 bp deletion are similar to the values reported in cows affected by persistent lymphocytosis, thus pointing to an adverse effect of this genotype on the haemopoiesis process. The variations between indel23 genotypes and the number and percentage of BLV-infected lymphocytes are less obvious and more difficult to interpret.
The bovine prion protein gene (PRNP) shows insertion-deletion (indel) 23 bp and 12 bp polymorphism within the promoter (indel23) and intron (indel12) regions. Both polymorphic sites play an important role in gene expression. Indel23 polymorphism was observed in cattle at promoter position -1594 within the GACATCTG sequence formed as a result of the insertion of 23 nucleotides in allele 23 bp ins. The above sequence is required for specific binding with repressor protein RP58, which considerably represses gene expression (1, 17) . Indel12 polymorphism results from the insertion/deletion of 12 nucleotides at position +300 within intron1 and significantly affects the binding of transcription factor SP1, which enhances gene transcription (17) . The above polymorphism was found to be correlated with BSE in German and British Holstein-Friesian cattle (4, 9, 16) . The results of our previous work suggest that 23 bp indel polymorphism, in contrast to 12 bp indel polymorphism, has a significant effect on the profile of blood lymphocytes and immune system in cows infected with bovine leukaemia virus (BLV) (12) . Indel23 polymorphism could affect haematological indices characteristic of enzootic bovine leukosis (EBL) and the expansion of lymphocytes infected by BLV.
The objective of this study was to determine whether indel23 polymorphism of the PRNP gene significantly differentiates the total number of leukocytes and lymphocytes and the number of virus infected lymphocytes.
Material and Methods
The experimental materials comprised 119 Black-and-White Polish Holstein-Friesian cows. The animals were kept in a confined housing system under good zoohygienic conditions. They were tuberculosisand brucellosis-free. Blood was sampled from the mammary vein, using heparin as an anticoagulant. The examined indices were analysed in three replications, at one-month intervals, starting from the second half of the first month of lactation. Bovine leukosis was diagnosed by an indirect immunofluorescence (IMF) based on the detection of viral protein p24 in lymphocytes infected with bovine leukaemia virus (BLV) (10 Haematological assays. White blood cell counts (WBCC) and the percentage of lymphocytes were determined at a specialist haematological laboratory using an automatic blood cell counter and MGG-stained blood smears.
Detection of BLV-infected lymphocytes. An indirect immunofluorescence (IMF) method was applied, as described previously (10) . Anti-bovine monoclonal antibody BLV3 (anti-BLVp24, IgG1; working dilution 0.3 g/50 L) (VMDR Inc. Pullman, USA) was used to identify the p24 protein epitope, which was localised with a goat anti-mouse IgG (H+L) antibody, conjugated with fluorochrome phycoerythrin (PE) (orange signal, working dilution of 0.5 g/50 L) (Invitrogen, USA). The same procedure was applied in control tests, but no primary antibody was used. The smears were stored at 4ºC and analysed under a fluorescence microscope (Axiolab-Zeiss, Germany) equipped with an appropriate filter set, at 1,000x magnification. A total of 600 cells per smear were recorded, including cells emitting an orange signal. The relative (percentage) and absolute (x10 9 /L) number of lymphocytes showing p24 protein expression were determined (11) .
Statistical analysis. The results were tested by comparing data distribution against a normal distribution curve. The non-parametric ANOVA rank KruskalWallis test and median test were used to analyse the characteristics because distribution were not consistent with the Gaussian function. Differences between groups were verified at P 0.05 and P 0.01 with the method of multiple comparisons in the non-parametric test. Calculations were made with STATISTICA 9.0 computer software.
Results
The analysis of indel23 polymorphism of the PRNP gene revealed the presence of three genotypes (ins/ins, ins/del and del/del) (Fig. 1) .
Based on the EBL diagnosis, 95 cows were identified as virus carriers (BLV+ group), whereas 24 animals that were free of the disease (BLV-) were classified as control (Fig. 2) . In leukaemic cows, the values of the analysed parameters were significantly higher than in BLV-negative animals. The highest values of the number of leukocytes, total lymphocytes, and BLV-infected cells were noted in animals affected by PL (Table 1) .
The analysis of the effect of PRNP gene polymorphism on the studied indices revealed significant differences between indel23 genotypes and leukocyte counts (Fig. 3) , total lymphocyte counts and their percentages (Fig. 4) , as well as BLV-infected lymphocyte counts and their percentages (Fig. 5) . Total leukocyte and total lymphocyte counts in cows with the 23bp del/del genotype were significantly higher than in homozygotes with the 23 bp ins/ins genotype, and they were similar to those observed in animals affected by PL, which was noted in approximately 30% of cows infected with BLV.
Significantly higher percentages of total lymphocyte were also found in 23 bp del/del homozygotes. Less explicit differences between indel23 genotypes were reported in case of lymphocyte counts in cows affected by EBL. Significantly higher lymphocyte counts were noted in 23 bp del/del homozygotes than in heterozygotes, whereas the percentage of BLV+ cells was similar in both homozygote types (23 bp del/del and 23 bp ins/ins) and significantly higher than in heterozygotes (23 bp ins/del). 
Discussion
The biological consequences of insertion/ deletion polymorphism of the PRNP gene are of vital significance for breeding and veterinary practice. Previous studies focused mainly on the search of correlations between the above polymorphism and cattle's susceptibility to BSE. The reported results point to a higher frequency of the 23del/12del haplotype (7, 9, 16), which conditions a higher level of PRNP gene expression in BSE-positive cattle in comparison to the 23ins/12ins haplotype (15, 17) . There is no experimentally-validated evidence to explain the above correlation at the cellular level because the function and mechanism of cellular protein prion (PrP C ) expression have not been thoroughly investigated so far. PrP C is found mostly on the surface of neurons, glial cells in the brain, and the spinal cord, as well as lymphoid cells and blood leukocytes (5, 13) . The PrP C expression profile on the surface of peripheral blood mononuclear cells differs, depending on cell type and their developmental stage (18) . High levels of PrP C expression were reported on monocytes, CD8+ T lymphocytes, and NK cells (6) . PrP C was found to be a component of the multimolecular signalling complex within microdomains involved in T cell activation (14) . It is believed that the discussed protein participates in cellular signal transmission and affects the activation and proliferation of T lymphocytes (3, 8) . PrP C expression is also registered in early haemopoietic cells (5) , where it is required for selfrenewal, as demonstrated by successive bone marrow transplantations (20) . It has been suggested that PrP C expression is correlated with the activity and development of human haemopoietic cells, indicating that the discussed protein plays an important role in haemopoiesis (6) .
The presented study made a pioneering attempt at analysing the effect of indel23 polymorphism of the PRNP gene on the levels of haematological indices, which change dynamically in EBL progression, as well as on the number of BLV+ lymphocytes. Indel23 polymorphism significantly differentiated blood leukocyte counts and the total number and percentage of lymphocytes. Cows with the 23 bp del/del genotype showed significantly higher leukocyte and lymphocyte counts than animals with the remaining two genotypes. Higher values of the analysed haematological indices noted in homozygotes with 23 bp deletion are similar to the values reported in cows affected by PL, a condition which is characterised by excessive proliferation of immature B lymphocytes and a drop in the share of T lymphocytes (19) .
The effect of genotype 23 bp del/del on leukocyte counts, including the number and percentage of blood lymphocytes, seems to be as unfavourable for the animals as lymphocytosis in EBL-positive cows. The variations between indel23 genotypes and the number and percentage of BLV-infected lymphocytes are less obvious and more difficult to interpret.
The BLV is a type C retrovirus, which is a potential carcinogen (2) . The mechanism of BLVinduced lymphocytosis has been weakly studied. The immune mechanism against BLV infections also remains relatively unexplored.
In our previous study, indel23 polymorphism of the PRNP gene was found to affect the percentage of lymphocytes that play a vital role in the immune system (12) . The analysis of differences between the genotypes revealed a significantly lower percentage of CD2+, CD8+, and WC1-N2 T lymphocytes and significantly higher CD4+/CD8+ T lymphocyte ratios in 23 bp homozygotes del/del than in cows with the 23 bp ins/ins genotype. An equally undesirable blood lymphocyte profile was noted in leukaemic cows, which could indicate that the indel23 mutation in the PRNP gene affects the proliferation of T lymphocytes and immunological efficiency (12) .
The presented results indicate that polymorphism at promoter position -1,594 of the PRNP gene affects haematological indicators characteristic of EBL. This study, as well as our previous work suggest that the discussed polymorphism could be involved in haemopoiesis; however, a more detailed research is needed to validate the above hypothesis.
